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In the structure of the title hydrated salt, 2CH 6 N 3 + -- 
C 8 H 2 Cl204 2 ~-H 2 0, the planes of the carboxylate groups of 
the dianion are rotated out of the plane of the benzene ring 
[dihedral angles = 48.42 (10) and 55.64 (9)°]. A duplex-sheet 
structure is formed through guanidinium-carboxylate N— 
H- ■ O, guanidinium-water N— H- ■ O and water-carboxylate 
O— H- ■ O hydrogen-bonding associations. 

Related literature 

For the structures of 1:1 salts of 4,5-dichlorophthalate, see: 
Mallinson et al. (2003); Bozkurt et al. (2006); Smith et al. (2008, 
2009); Smith & Wermuth (2010a,d). For 1:2 salts, see: 
Buyiikgiingor & Odaba§oglu (2007); Smith & Wermuth 
(2010«,c). For guanidinium salts of aromatic dicarboxylic 
acids, see: Krumbe & Haussuhl (1986); Smith & Wermuth 
(20106). 



H 2 N + NH : 



Experimental 

Crystal data 

2CH 6 N 3 + -C 8 H 2 C1 2 0 4 2 ~H 2 0 

M, = 371.19 

Monoclinic, P2 i /c 

a = 15.9797 (5) A 

b = 6.9432 (2) A 

c = 15.2266 (5) A 

P = 94.650 (3)° 

Data collection 

Oxford Diffraction Gemini-S CCD 
area-detector diffractometer 

Absorption correction: multi-scan 
{CrysAlis PRO; Oxford 
Diffraction, 2010) 
T min = 0.933, r max = 0.990 




co 2 



V = 1683.84 (9) A 3 
Z = 4 

Mo Ka radiation 
fi = 0.42 mirT 1 
T = 200 K 

0.28 x 0.25 x 0.20 mm 



11236 measured reflections 
3319 independent reflections 
2627 reflections with / > 2a(I) 
Rint = 0.022 



Refinement 

R[F 2 > 2a(F 2 )] = 0.039 

wR(F 2 ) = 0.105 

S = 1.16 

3319 reflections 

264 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 



H atoms treated by a mixture of 
independent and constrained 
refinement 

Ap max = 0.63 e A~ 3 

A,o m i„ = -0.83 e A~ 3 



£>-H 


■A 




D-H 


H-A 


D-A 


D-H-A 


NL4- 


-miA- ■ 


orn' 


0.83 (2) 


2.14 (2) 


2.966 (2) 


111 (2) 


NL4- 


-H12A- ■ 


■012 


0.89 (2) 


2.07 (2) 


2.914 (2) 


156.8 (19) 


Nlfl- 


HUB- ■ 


022 u 


0.88 (2) 


2.07 (2) 


2.936 (2) 


166.3 (19) 


Nlfl- 


H12B- ■ 


012 m 


0.85 (2) 


2.09 (2) 


2.904 (2) 


162 (2) 


N2A- 


-H2L4- ■ 


■Oil 


0.89 (3) 


2.59 (3) 


3.447 (2) 


160 (2) 


N2A- 


-H2L4- ■ 


■012 


0.89 (3) 


2.35 (3) 


3.125 (2) 


145 (2) 


N2A- 


-U22A- ■ 


■oir 


0.81 (3) 


2.20 (3) 


3.010 (2) 


175 (2) 


N2B- 


H21B- ■ 


022 1 " 


0.86 (3) 


2.07 (3) 


2.894 (2) 


161 (3) 


N2B- 


H22B- ■ 


Oil 


0.91 (3) 


2.09 (3) 


2.880 (2) 


144 (2) 


N3A- 


-H31A- ■ 


■Oil" 


0.85 (3) 


2.06 (3) 


2.874 (2) 


159 (2) 


N3A- 


-H32A- ■ 


■022' 


0.84 (2) 


2.19 (2) 


2.923 (2) 


147 (2) 


N3B- 


H31B- ■ 


021 


0.89 (2) 


1.92 (2) 


2.799 (2) 


169 (2) 


N3B- 


H32B- ■ 


Oil" 


0.86 (2) 


2.20 (2) 


2.966 (2) 


149.2 (19) 


OIW- 


-H11W- 


■ 021 


0.83 (3) 


1.97 (3) 


2.789 (2) 


169 (3) 


OIW- 


-unw- 


■ 012 vi 


0.88 (3) 


1.90 (3) 


2.7716 (19) 


174 (3) 



Symmetry codes: (i) — x + 1, — y + 1, — z + 1; (ii) -v, — v +1, z+h (iii) x, 
(iv) -x + 1, y - i -z + I; (v) -x + 1, y + 1, -z + 1; (vi) x, v + 1, z. 



-y + hz+l 



Data collection: CrysAlis PRO (Oxford Diffraction, 2010); cell 
refinement: CrysAlis PRO; data reduction: CrysAlis PRO; 
program(s) used to solve structure: SIR92 (Altomare et al., 1994); 
program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) 
within WinGX (Farrugia, 1999); molecular graphics: PLATON 
(Spek, 2009); software used to prepare material for publication: 
PLATON. 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: NG5176). 
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Bis(guanidinium) 4,5-dichlorophthalate monohydrate 
G. Smith and U. D. Wermuth 

Comment 

4,5-Dichlorophthalic acid (DCPA) forms 1 : 1 salts with a number of Lewis bases, having most commonly low-dimensional 
hydrogen-bonded structures featuring the 'planar' hydrogen phthalate anion (Mallinson et ah, 2003; Bozkurt et ah, 2006; 
Smith et ah, 2008, 2009; Smith & Wermuth, 2010a,d). The 'nonplanar' dianionic DCPA species is much less common among 
the known structures, examples being the 1 :2 salts with 4-ethylaniline (Buyukgungor & Odabasoglu, 2007), ethylenediamine 
(Smith & Wermuth, 2010c), «-butylamine and piperidine (Smith & Wermuth, 2010a). With the strong base guanidine, the 
formation of 1:2 salts with dicarboxylic acids is more common, e.g. with phthalic acid (Krumbe & Haussuhl, 1986) and 
terephthalic acids (Smith & Wermuth, 2010Z>) and our 1:1 stoichiometric reaction of DCPA with guanidine carbonate not 

unexpectedly gave the bis(guanidinium) salt hydrate, the title compound, 2(CHgN3 ) C8H2CI2O4 ". H2O (I) (Fig. 1), and 
the structure is reported here. 

In the structure of (I), the two guanidinium cations (A and B) and the water molecule of solvation provide hydrogen-bond- 
ing links between the 'non-planar' DCPA dianions (Table 1). The planes of the carboxyl groups of the dianion are rotated out 
of the plane of the benzene ring [torsion angles CI— C2—C2 1-022, -131.93 (17)°; C2— CI— CI l-Oll, -129.41 (16)°]. 
Duplex-sheet structures are formed, extending down the (011) planes in the unit cell (Fig. 2). Within these sheets there are 
guanidinium N — H "O carboxy i, N — H"O water and water O — H - O car b OX yl associations. 

Experimental 

Compound (I) was synthesized by heating together for 10 min under reflux, 1 mmol quantities of 4,5-dichlorophthalic acid 
and guanidine carbonate in 50 ml of 50% ethanol-water. Total evaporation of solvent gave a white non-crystalline powder 
which on subsequent slow room-temperature evaporation of an aqueous solution gave colourless crystalline plates of (I) 
from which a specimen was cleaved for the X-ray analysis. 

Refinement 

H atoms potentially involved in hydrogen-bonding interactions were located by difference methods and their positional and 
isotropic displacement parameters were refined. Other H atoms were included at calculated positions (C — H = 0.93 A) and 
treated as riding, with (7j S0 (H) = 1.2C/ eq (C). 



Figures 

Fig. 1 . Molecular conformation and atom-numbering scheme for the two guanidinium cations, 

the DCPA dianion and the water molecule of solvation in (I), with inter-species hydrogen 

bonds shown as dashed lines. Non-H atoms are shown as 40% probability displacement el- 
lipsoids. 
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Fig. 2. A view the two-dimensional duplex-sheet structure in the unit cell of (I), viewed down 
the sheets, showing hydrogen-bonding associations as dashed lines. Non-associative H atoms 
are omitted. 



Bis(guanidinium) 4,5-dichlorophthalate monohydrate 

Crystal data 

2CH 6 N 3 + -C8H2Cl204 2 ~H 2 0 F(000) = 768 

M r = 371.19 D x = 1.464 Mg nT 3 

Monoclinic, P2\lc Mo Ka radiation, X = 0.71073 A 

Hall symbol: -P 2ybc Cell parameters from 6093 reflections 

a = 15.9797 (5) A 9 = 3.2-28.6° 

b = 6.9432 (2) A n = 0.42 mnT 1 

c= 15.2266 (5) A T=200K 

(3 = 94.650 (3)° Block, colourless 

V= 1683.84 (9) A 3 0.28 x 0.25 x 0.20 mm 

Z=4 



Data collection 



Oxford Diffraction Gemini-S CCD area-detector 
diffractometer 

Radiation source: Enhance (Mo) X-ray source 
graphite 

Detector resolution: 16.077 pixels mm" 1 
co scans 

Absorption correction: multi-scan 
{CrysAlis PRO; Oxford Diffraction, 2010) 
r min = 0.933, r max = 0.990 
11236 measured reflections 



3319 independent reflections 

2627 reflections with / > 2o(i) 
ic int = 0.022 

Qmax = 26.0°, 0 m ; n = 3.2° 

£ = -18^19 



k = S- 

/= — 11- 



► 18 



Refinement 

Refinement on 
Least-squares matrix: full 
R[F 2 > 20CF 2 )] = 0.039 

wR(F 2 ) = 0.105 

S= 1.16 

3319 reflections 
264 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 

w = l/[a 2 CF 0 2 ) + (0.0562P) 2 + 0.1489P] 

where P = (F 0 2 + 2F c 2 )/3 

(A/o) max = 0.001 

Apmax = 0.63 e A~ 3 
Ap mi „ = -0.83eA- 3 
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Special details 

Geometry. Bond distances, angles etc. have been calculated using the rounded fractional coordinates. All su's are estimated from the 
variances of the (full) variance-covariance matrix. The cell e.s.d.'s are taken into account in the estimation of distances, angles and tor- 
sion angles 

2 2 
Refinement. Refinement of F against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F , convention- 
al i?-factors R are based on F, with F set to zero for negative F . The threshold expression of F > o(F ) is used only for calculating R- 
factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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0.74241 (11) 
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0.0288 (5) 


N2B 


0.73486 (13) 


0.3392 (3) 


0.88218 (13) 


0.0403 (6) 
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0.74928 (11) 


0.6306 (3) 
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0.74182 (11) 
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H22B 


0.7359(15) 


0.281 (4) 
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Atomic displacement parameters (A 2 ) 
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Geometric parameters (A, °) 



C14— C4 


1.725 (2) 


N2B — C1B 


1.324(3) 


C15— C5 
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1.387 (3) 


N2A— CIA 


1.331 (3) 


CI— Cll 


1.510 (2) 


N3A— CIA 


1.321 (2) 


CI— C2 


1.403 (2) 


N1A— H12A 


0.89 (2) 


C2— C21 


1.514 (2) 


N1A— H11A 


0.83 (2) 


C2— C3 


1.385 (3) 


N2A— H22A 


0.81 (3) 


C3— C4 


1.390(3) 
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N2A — H21A 


0.89 (3) 


C4 — C5 


1.384 (3) 


N3A — H32A 


0.84 (2) 


C5 — C6 


1.384 (3) 


N3A — H31A 


0.85 (3) 


C3 — H3 


0.9300 


NIB — C1B 


1.322 (3) 


C6 — H6 


0.9300 


hll 1 W — <J1 W — JrilZW 


1 AC S1\ 

1UD (3) 


Cz — C3 — C4 


1 TA ( 1 A\ 

IZU.oZ (ly) 


TJ1 1 A XT 1 A Tin A 

hll 1A — JN 1A — JrilZA 


1 lo (Z) 


pi p /] PC 

C3 — C4 — CD 


1 OA "i A ( 1 A\ 

izu.z4 (iy) 


/""MA XT1 A un A 

CIA — JN 1A — JrilZA 


1 1 Ct A /1 /1\ 

ny.u (14) 


PI /1 p A pi 

C14 — C4 — C3 


1 1 A /II /1 A\ 

ny.43 (iy) 


/"MA XT 1 A TT1 1 A 

CIA — JN 1A — hll 1A 


IZl.o (Id) 


pi A p A pc 

C14 — C4 — CD 


1 TA 11 ( 1 *7\ 

1ZU.33 (1 /) 


TUT 1 A XTT A T m A 

JriZ 1 A — JN ZA — hlZZ A 


115 (2) 


pi C pc p /I 

ClD — CD — C4 


1 1A AA ( 1 /i\ 

izu.yu (lo) 


p i a XT'") A U11 A 

CIA — JNZA — hlZZA 


1Z3.0 (lo) 


pi c pc p/: 
ClD CD CO 


1 1 A 1Q /1 /i\ 

ny.3o (lo) 


^1 A M7 A Ul 1 A 

C 1 A — JN Z A — rlZ 1 A 


1 lo.3 (1 /) 


P/l pc / 

C4 — CD — Co 


iin ii n q\ 

i iy. / 1 (iy) 


A mi a un A 
CIA — JN3A — Jri3ZA 


1 OA 1 /1 

1ZU.1 (lo) 


PI P/T PC 

CI — Co — CD 


1 ir\ ia (\ o\ 
1ZU.3U (lo) 


1 n i a XT1 A Til i a 

hlilA — JN 3 A — hliZA 


i in C}\ 

119 (2) 


All P11 PI 

<Jlz — Cll — CI 


1 1 C £1 ( 1 c\ 

11D.03 (ID) 


f~*1 A \\T1 A U1 1 A 

CIA — JN3A — hli 1A 


121. i (1 /) 


p. 1 1 P11 Pi1T 

Oil — Cll — Olz 


IZD.lo (lo) 


P 1 O XT1TD III ") D 

C1B — JN IB — JrilZB 


11/: o /i?\ 

llo.o (ID) 


ni 1 pii pi 
Oil — Cll — CI 


lift i o /i *r\ 

ny.io (lo) 


ill | n XT1T5 II 1 ") D 

JrillB — JN1B — JrilZB 


1 OA 

1ZU (Z) 


AOO P-> 1 PI 

<JzZ — Cz 1 — Cz 


I 1 *7 /^A /1 C\ 

II /.OU (ID) 


nin XT1TD iii | n 

C 1 B — JN 1 B — hi 1 1 B 


lift O /I 1\ 

1 IV.o (13) 


Pii i pi i pi 
Uz 1 — Cz 1 — Cz 


1 1 £ £A / 1 C\ 

iio.oy (ID) 


pin XTTT3 TJIOD 

C1B — JNZB — JriZZB 


lift/; / 1 o\ 

ny.o (io) 


A1 1 pii ATI 

Oz 1 — Cz 1 — OzZ 


IZD./l (10) 


pi \~) XTTTD TJ11D 

C 1 B — JN ZB — hlZ 1 B 


ni 7 / 1 n\ 

1ZZ.Z (ly) 


pi pi TJQ 

CZ — C3 — hi 3 


1 TA AA 
1ZU.UU 


II O 1 D MID I I~) ~> D 

hlZ 1 B — JN ZB — JriZZB 


1 1 O (1\ 

1 lo (3) 


P A pi I I"! 

C4 — C3 — rl3 


1 7A AA 
1ZU.UU 


Jri3 1 B — JN 3B — hliZB 


1 T) /7\ 

1ZZ (Z) 


/^C / • /: ii/' 

CD — Co — hlo 


1 1A AA 
1ZU.UU 


PIT) XT1T3 IIIII) 

C1B — JN 3B — Jri3 IB 


I i n a C\ A\ 

I I /.4 (14) 


P 1 P/T I I 

CI — Co — hlo 


1 OA AA 
1ZU.UU 


p 1 r> XT1T3 TJ11T3 

C1B — JN3B — Jri3ZB 


I 1 7 A (\ A\ 

I I 1 A (14) 


M1 A PI A XTT A 

JN 1A — CIA — JNZA 


i iy.o / (lo) 




1 1 y.oy y ±i * 


Mi A pi A NU 

IN Irt. V, 1 IN Jrt 


1 ?n ^1 (\%\ 

1 IAj . J 1 JlOj 


C2 — CI — C6 


120.26 (16) 


N2A — CIA — N3A 


120.00 (18) 


C2 — CI — Cll 


119.44 (15) 


NIB — C1B — N2B 


119.68 (19) 


C3 — C2 — C21 


120.38 (15) 


NIB — C1B — N3B 


121.1 (2) 


CI — C2 — C21 


120.74 (15) 


N2B — C1B — N3B 


119.24 (19) 


CI — C2 — C3 


118.86 (16) 






p/; pi P ~i P3 
Co — C 1 — Cz — C 5 


1 7 /7\ 

1.2 (2) 


pi pi PT1 pm 

C 1 — Cz — Cz 1 — Uz 1 


A 1 C /">\ 

47.5 (2) 


p/: p 1 pi ni 
Co — CI — Cz — Cz 1 


1 "7*7 1/1 / 1 £\ 

—1 / /.34 (lo) 


pi pi pti P.T> 

CI — Cz — Czl — Uzz 


111 fti f\T\ 

— Ul.yj (l /) 


pi i pi pi p-i 

CI 1 — CI — Cz — CJ 


1-7 1 A 1 ( 1 £\ 

— 1 /1.43 (lo) 


PI PI PI 1 P.T 1 

C 5 — Cz — Cz 1 — Uz 1 


111 AT ( 1 Q\ 

-131.UZ (lo) 


n i pi p^> 

CI 1 — CI — Cz — Czl 


1 A A /7\ 

1U.U (Z) 


PI PI PTl P.T> 

C 5 — Cz — Cz 1 — Uzz 


AC\ /Z /T\ 

4y.o (Z) 


p^ n p/; r; 
Cz — CI — Co — CD 


1 1 /"5\ 

-1.1 (3) 


PT PI P/1 Pl/t 

Cz — Cj — C4 — C14 


1 7A A 1 ( 1 C\ 

—1 /y.4/ (ID) 


r^i 1 r^i r^t. r^c 
CI 1 — CI — Co — CD 


171 c/i /'1 7~\ 
1/1 .D4 (1 /) 


pT pi p/1 pr 

Cz — Co — C4 — CD 


A A (1\ 

0.0 (3) 


p^ pi /iii A1 1 

Cz — CI — Cll — Oil 


lift i 1 { \ c\ 

-129.41 (16) 


PI/) P/1 PC PIC 

C14 — C4 — C5 — C15 


1 1 (1\ 

-1.3 (3) 


C2— CI— Cll— 012 


52.6 (2) 


C14— C4— C5— C6 


179.63 (16) 


C6— CI— Cll— Oil 


57.9 (2) 


C3— C4— C5— C15 


179.30 (17) 


C6— CI— Cll— 012 


-120.04 (17) 


C3— C4— C5— C6 


0.2 (3) 


CI— C2— C3— C4 


-0.7 (3) 


C15— C5— C6— CI 


-178.78 (15) 


C21— C2— C3— C4 


177.87 (18) 


C4 — C5 — C6 — C 1 


0.4 (3) 



Hydrogen-bond geometry (A, °) 
D—H-A 

N1A— H11A-01W' 
N1A — H12A— 012 

NIB— H11B-022" 



D — H 

0.83 (2) 
0.89 (2) 
0.88 (2) 



K-A 
2.14(2) 
2.07 (2) 
2.07 (2) 



D-A 
2.966 (2) 
2.914 (2) 
2.936 (2) 



D—H-A 
171 (2) 
156.8 (19) 
166.3 (19) 
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NIB— H12B- 


•012 1 " 


0.85 (2) 


2.09 (2) 


2.904 (2) 


162 (2) 


N2A — H21A- 


■Oil 


0.89 (3) 


2.59 (3) 


3.447 (2) 


160(2) 


N2A — H21A- 


■012 


0.89 (3) 


2.35 (3) 


3.125 (2) 


145 (2) 


N2A — H22A- 


■oiw iv 


0.81 (3) 


2.20 (3) 


3.010 (2) 


175 (2) 


N2B — H21B- 


•022"' 


0.86 (3) 


2.07 (3) 


2.894 (2) 


161 (3) 


N2B — H22B- 


•Oil 


0.91 (3) 


2.09 (3) 


2.880 (2) 


144 (2) 


N3A — H31A- 


■oir 


0.85 (3) 


2.06 (3) 


2.874 (2) 


159 (2) 


N3A — H32A-- 


■022' 


0.84 (2) 


2.19(2) 


2.923 (2) 


147 (2) 


N3B — H31B- 


•021 


0.89 (2) 


1.92(2) 


2.799 (2) 


169 (2) 


N3B— H32B- 


•on vi 


0.86 (2) 


2.20 (2) 


2.966 (2) 


149.2 (19) 


OIW— H11W 


-021 


0.83 (3) 


1.97 (3) 


2.789 (2) 


169 (3) 


OIW— H12W 


-012 vi 


0.88 (3) 


1.90 (3) 


2.7716(19) 


174 (3) 


Symmetry codes: (i) -x+1, -y+\, -z+1; (ii) x, 


-y+yi, z+1/2; (iii) x, 


-y+l/2, z+1/2; (iv) 


-x+\,y-\ll, -z+3/2;(v) 


-x+l,y+V2, 



(vi)x,j>+l, z. 
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